The construction site and its elements create circumstances that are conducive to the formation of risks to work safety during the execution of works. Analysis indicates the critical importance of these factors in the set of characteristics that describe the causes of accidents in the construction industry. This paper attempts to analyse the characteristics of the construction site to indicate their importance in defining the circumstances of an accident at work. The research was carried out on the basis of data from the register kept by the District Labour Inspectorate in Krakow, Poland. Main substantive tasks include isolating patterns of accidents on site and identifying those of the analysed characteristics that are important in defining these patterns. In terms of methodology, the paper presents a method of analysing data resources by using means of conceptual grouping in the form of cluster analysis.
INTRODUCTION
The Accidents at construction site are random phenomena that are difficult or impossible to foresee. Therefore, their investigation and determination of links between their characteristic features is not easy [1, 2, 3] . This is particularly true for analyses of factors which generate undesirable effects for human life and health.
Up to present, few studies are available concerning the safety of building work. Among them: in paper [4] described the preconditions and components of high safety standards in the construction industry from the perspective of both experienced construction workers and first-line managers.
The article [5] presents the results of a study that identified the major factors affecting safety in towercrane environments and evaluated the degree to which each factor influences ongoing safety on site.
In [6] a behavioural observation measure of safety performance was developed. No relationship was found between safety climate and the safety performance measure. While identical safety climate factors cannot apply to all organizations, some general safety climate factors may emerge.
Work [7] discusses empirical research aimed at why construction workers engage in unsafe behavior.
Interviews were conducted in Hong Kong with workers who had been accident victims. The results substantiate the significant role of management; safety procedure; psychological and economic factors; self-esteem; experience; performance pressure; job security; and education as well as safety orientation and training. The influences of these factors on the safety behavior of workers are discussed along with implications of the research for management of the construction industry.
The objective of the study in [8] was to determine the factors comprising the safety climate of the Finnish National Road Administration. The safety climate of the workers consisted of four dimensions: attitude towards safety in the organization, changes in work demands, appreciation of the work, and safety as a part of productive work. The safety climate of the supervisors consisted of four dimensions: changes in job demands, attitude towards safety within the organization, value of the work, and safety as a part of productive work. Both the workers and supervisors felt that safe work habits improve production, that the prevention of accidents is the responsibility of everyone, and that safety is a part of skilful job performance.
Paper [9] investigates local construction workers' behaviour, perception and attitude toward safety, and attempts to link the research findings to the influence of national culture. The paper also reveals that workers operating in a more collective and higher uncertainty avoidance environment, are more likely to have safety awareness and beliefs, which can exhibit safer on-site behaviour.
This paper attempts to identify and profile the accidents patterns based on the data kept by the District Labour Inspectorate in Krakow, Poland. The data concerned the period from 2014 to 2016, and the number of observations was 65. The main objective was to isolate the patterns of accidents at construction sites and to indicate those of the analysed characteristics that are important in defining these patterns. In terms of methodology, the paper presents a method of analysing data resources by using means of conceptual grouping in the form of cluster analysis. There are various known data exploration techniques, that is techniques which indicate new relationships in datasets. One of them is cluster analysis which involves searching for groups of elements forming relatively homogenous classes. The paper presents a successful attempt to use this method in investigation of accident rate in construction sector.
RESEARCH METHODOLOGY
The cluster analysis is a tool for exploratory data analysis which aims at arranging the group elements so that the degree of connection between the elements belonging to the same group is as high as possible and as low as possible with elements of other groups [10] . The cluster analysis can be used to detect structures in data without an interpretation or explanation. This means that the cluster analysis only detects structures in data, but does not explain why they occur. The clusters are determined based on certain statistical criteria, and the interpretation of result and evaluation from the practical point of view is the researcher's task.
The paper attempts to determine clusters of variables which characterise accidents at construction sites that occurred in the investigated time and place.
An important problem in such analyses is to determine the number of sought after clusters [11] . In Statistica, it is possible to define this parameter in advance, before starting calculations, and then find out the division of an "interesting", expert-based interpretation. An automatic strategy of division determination can also be applied, using the so-called v-fold cross validation. This method involves dividing the whole sample to v subsets (in practice usually 5 or 10) or random disjoint sub-samples.
The same analysis is then applied to observations from v-1 sets (learning samples), and the resultant model is used for subset v (a sample or a subset that was not used to determine the cluster, i.e. the test sample), and the "prognostic accuracy" is calculated (i.e. how well the observations from sample v are assigned to homogenous clusters using the current solution calculated from v-1 learning samples).
The results for successive v repetitions are aggregated (averaged) and give a single evaluation of the model stability, i.e. accuracy of assigning observations to clusters.
The automatic selection of the optimum number of clusters involves successive dividing into 2, 3, … clusters. A division quality criterion is then calculated for each cluster (by means of cross validation), and the division which gives the best value is chosen.
SELECTION OF VARIABLES
The cluster analysis was performed using the "Generalized Cluster Analysis" module of the Statistica software. The data on the accidents came from the District Labour Inspectorate in Krakow and The EM algorithm (Expectation Maximisation; Witten, Frank 2000) was used to determine clusters (groups of elements forming homogenous classes). This algorithm assumes that data come from the "mixing" of samples from probability distributions with different parameters and attempts to recreate such distributions so as to obtain the best fit. It can be used to numerical data, and also to variables with categories.
RESULTS
The collected data on accidenta are both quantitative and qualitative (categorised). To obtain a higher cohesion of all results, the EM algorithm was used, indicating all instances of irregularities as categorised variables. The EM algorithm (Expectation Maximisation; Witten, Frank 2000 ) assumes that data come from the "mixing" of samples from probability distributions with different parameters and attempts to recreate such distributions so as to obtain the best fit. It can be used to numerical data, and also to variables with categories. The features which differentiate the clusters the most were examined suing the chi-square statistics. The chi-square test results for the used segmentation are presented in the sheet Independence tests for random variables (Table 2) . For each categorised variable, the chi-square test evaluated whether its distribution is significantly different for various clusters.
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The statistically significant results are marked in red. In addition, the chi-square value and the probability value can be treated as measures of the degree to which a variable differentiates the cluster; the greater the chi-square value/ the lesser the p, the greater the differentiation.
Using the variables Mw (accident location), Pp (work process), Cw (activity performed by the victim when accident occurred) , Cmc (material factor related to Cw), Wdo (incident which is a deviation from normal state), Cmo (material factor related to deviation), Wyu (incident causing injury), Cmu (material factor related to Wdo) from the "Accidents 2014-16" sheet, and the personal variables from the same sheet: Sz (employment status), Wi (victim age), Stp (victim seniority), Zwd (victim trade), and the EM algorithm, the cross-validation indicated that the optimum number of clusters is 2. The greater the Chi-square is and the less the p-value is, the larger are differences between clusters 1 and 2 in relation a given variable.
For quantitative variables, the mean values and the range were compared in both clusters ( Table 3 ).
The significance of variability was evaluated using the F test of analysis of variance (ANOVA) -ratio of inter-group variability to intra-group variability: The determined clusters differ significantly in relation to the "victim age" variable (Wi) (p=0.0293).
On the other hand, no statistical differences were found for the "seniority" variable (Stp). The most important for interpretation is the p-value column ( Table 3 ) which says that the age of people involved in accidents from the first cluster is significantly different than in cluster 2 (Table 4 -descriptive statistics indicates that the average age in both clusters was 44.6 and 38 years, respectively), and that the differences in seniority are less significant. The remaining results in the table are rather auxiliary.
The results were illustrated on two box plots and raw data. The first (Fig. 1.) presents graphically the average value, range of variability, and untypical values of the variable, if any, in both clusters. The other plot (Fig. 2.) shows distribution of raw values of the variable. Wi (victim age) in relation to clusters 1 and 2.
Source: own.
Below, figure 3 and table 5 present distributions of individual qualitative variables within clusters 1 and 2. The condition for a variable to be included in the plot was its occurrence, totally in both clusters, more than 5 times.
Distribution of variable: Cmc -material factor related to the activity performed, for "Accidents 2014
-16", included the following variables (Table 5) : The distribution of variable Cmc -material factor related to the activity performed, within the determined clusters, for "Accidents 2014 -16", is dominated by mobile machinery and equipment, scaffolding, building element,. and construction materials (Fig. 3.) . Source: own
SUMMARY
The paper analyses the construction site accidents in the Małopolska region in 2014 -16 which were recorded in the register kept by the District Labour Inspectorate in Krakow, Poland.
The basic objective was to determine the impact of selected site feature on safety hazards during construction works, expressed by worker behaviour, type and status of conditions for occurrence of an accident, as well as examination of suitability of cluster analysis as one of the data extraction techniques to perform such research. This objective was achieved by:
x analysing the records of the District Labour Inspectorate in Krakow which are the accidents database;
x selecting data on site features or workplaces where undesirable incidents took place, that is on material factors, incident types, and incident causes;
x identification and profiling of accident patterns.
Cluster analysis, as a method of conceptual grouping, is a good tool to indicate patterns in multidimensional sets which characterise construction site accidents. Application of this method in analyses of data described by independent variables allows profiling the construction site accidents.
The variables which play an important role in investigating the accident patterns are visible in the method's algorithm.
The performed cluster analysis allowed determining groups of variables (clusters) characterising construction site accidents that occurred in the investigated time and place.
Using the variables Mw (accident location), Pp (work process), Cw (activity performed by the victim when accident occurred) , Cmc (material factor related to Cw), Wdo (incident which is a deviation from normal state), Cmo (material factor related to deviation), Wyu (incident causing injury), Cmu (material factor being a cause of injury) from the "Accidents 2014-16" sheet, and the personal variables from the same sheet: Sz (employment status), Wi (victim age), Stp (victim seniority), Zwd (victim trade), and the EM algorithm, the cross-validation indicated 2 clusters. The age of people involved in accidents from the first cluster is significantly different than in cluster 2. The average age in both clusters was 44.6 and 38 years, respectively. The differences in seniority were less significant. 
LIST OF FIGURES AND TABLES:

